Introduction
The aim of this review is to highlight the key messages from the 2010 British Thoracic Society (BTS) Guidelines for the prevention and management of Mycobacterium tuberculosis infection and disease in adult patients with chronic kidney disease (CKD), 1 and to give some information on the background leading to the recommendations. It is not intended as a substitute for the full guidelines, which can be accessed at www.brit-thoracic.org.uk/tuberculosis/tuberculosis-guidelines.aspx. It is strongly recommended that clinicians faced with tuberculosis (TB) in a patient with advanced kidney disease refer directly to the guidelines for advice. The recommendations are based on the best evidence available or, where evidence is lacking, the advantages and disadvantages of possible options for management are discussed. The advice given cannot be fully comprehensive and there will always be patients who do not fit into the categories used. Much of clinical practice has developed from experience over many years and is not based on concrete evidence from trials. This kind of information is also valuable, however, when discussing possible advice. As there is little or no evidence to inform when to screen for latent TB infection (LTBI), for example, we have discussed the merits and disadvantages of various options and have suggested a rational approach, but it is for the individual clinician to make a judgment based on the particular circumstances (s)he encounters.
Background It is likely that TB will be seen more frequently in patients with CKD as people from
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This review highlights the key messages from the 2010 British Thoracic Society Guidelines on the management of Mycobacterium tuberculosis infection and disease in adult patients with chronic kidney disease. These guidelines were developed in response to many requests for advice from respiratory and infectious diseases physicians who treat patients with tuberculosis, as there was very little information available to help clinicians manage the disease in this population of often very sick patients. Renal units in the United Kingdom were prescribing variable chemoprophylaxis regimens that frequently had no basis in evidence, and drug doses used to treat tuberculosis were often inappropriate because of clinicians' natural concern about poisoning a patient with little or no renal function. The guidelines address these issues together with when and how to screen for latent infection and the different needs of patients with renal impairment, those needing dialysis and those with a transplanted kidney. It became very clear in compiling these guidelines that there is a shortage of both background information on rates of tuberculosis in such patients in countries with low background prevalence, and good randomized controlled trials of treatment regimens. Wherever possible, the recommendations made are evidence-based, but this was not always available. This review gives a summary of those recommendations and reiterates some of the important messages; in particular, tuberculosis should be managed with the full involvement of the chest or infectious diseases physician who is the local lead for this important infection.
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chronic kidney disease, guidelines, tuberculosis low levels. The quality of evidence in this field is generally limited, with much based on case series rather than RCTs, and this is reflected in 13 of the 22 recommendations being graded D and only 6 graded A.
Levels of renal impairment in CKD have been graded according to the criteria used by the Renal Association (UK) and are shown in the TABLE.
What is the extent of the problem of tuberculosis in chronic kidney disease? Immunodeficiency is a feature of CKD and this is further compounded by immunosuppressive therapy, making these patients more susceptible to reactivation of LTBI or new infection. Identifying patients at risk of TB is not always straightforward, and diagnosing active disease can be delayed as the clinical presentation may be uncharacteristic. Extrapulmonary disease, particularly peritoneal disease, is relatively common and symptoms may be nonspecific.
Both CKD and TB are more common in Asians and black people than in the indigenous white population in the UK, 2 but there is little information on the prevalence of TB in CKD in countries with low background prevalence. Most of the published case series are from areas of the world with high background rates of TB, and reported case rates are enormously variable but always high. In attempting to quantify the risk of developing active TB, we have used the relative risks reported by NICE:
6 × 20 for patients with CKD or on dialysis, and × 37 for renal transplant recipients. These figures are, however, based on a small series from 1983, 8 and management of rejection following transplant has been refined considerably since then, leading to a rise in infective complications. It is likely, therefore, that this risk has increased over time, and new studies are needed from countries in Europe and North America with relatively low background rates of TB. There have been very few studies in patients on peritoneal dialysis and case rates are difficult to determine.
When and how should we screen for latent tuberculosis infection? Given the substantially increased risk of active TB in patients with CKD, on dialysis or awaiting transplant, there is clearly a need to try to reduce that risk. There are, however, conflicting data on when and how these patients should be screened for LTBI. Some groups recommend tuberculin skin testing (TST) for all with CKD or as evaluation of potential transplant recipients, 9,10 but, because of underlying immunodeficiency, this test lacks sensitivity in these patients, with reported anergy rates of up to 50%.
1 A positive test can be helpful but a negative result cannot be assumed to be a true negative. The inter feron gamma release assays (IGRA) have not been fully evaluated in these patients, but the limited evidence to date suggests that both the QuantiFERON-Gold tests (Cellestis, Australia) and the T-SPOT.TB (Oxford Immunotec, UK) are probably more useful screening tools for LTBI in this patient group than the TST. Indeterminate the areas of the world with high background levels of TB are also at increased risk of CKD. 2 Although the management of uncomplicated pulmonary TB is well established in patients with intact renal function, evidence for management of this disease in patients with CKD, on dialysis or following renal transplantation, is sparse and often conflicting. This lack of clarity has led to increased requests for advice from respiratory and infectious diseases physicians who manage TB in these patients.
In 2008, the Joint Tuberculosis Committee (JTC) of the BTS set up a working group to examine the available evidence and produce comprehensive guidance on screening for active TB disease and latent infection, together with management of these conditions in adult patients with CKD, on dialysis and following renal transplantation. In addition to several chest physicians with experience in both the management of TB and the production of guidelines, the group included renal physicians representing the Renal Association (United Kingdom [UK]), a microbio logist, infectious diseases physician, and pharmaco logist. The JTC and BTS have been responsible for several other well-respected guidelines relating to the management of TB, 3-5 and we hope the current guidelines will be similarly useful. They are based on current practice in the UK but should be equally relevant to the rest of Europe. In the UK, the 1998 and 2000 BTS guidelines were largely superseded by the National Institute for Clinical Excellence (NICE) guidelines in 2006, 6 but these gave very little help on how to manage TB in patients with renal disease. The American Thoracic Society had a larger section on treatment of TB in renal disease in their 2003 TB guidelines, 7 and we referred to these and incorporated some of the recommendations, particularly those regarding drug dosage. The new BTS guidelines have also, however, given recommendations on screening and management of LTBI and prophylaxis for patients going on to transplantation.
Each recommendation in the guidelines is graded by the strength of the supporting evidence using the revised Scottish Intercollegiate Guidelines Network grading system. Levels of evidence are graded from 1++ ("high quality meta--analyses, systematic reviews of randomized controlled trials [RCTs] or RCTs with very low risk of bias") through to 4 ("expert opinion"), and recommendations graded from A through to D, where A indicates high levels of evidence and D a chemoprophylactic regimen should be taken with the involvement of a TB specialist. Some important recommendations are made on dosages to dispel myths about dose reductions. Isoniazid and rifampicin can generally be used in normal doses in CKD, during dialysis or following renal transplantation. Adequate regimens given are: 6 months isoniazid (300 mg) daily, or 15 mg/kg 3 × per week (max. 900 mg) in stages 4 and 5 CKD and dialysis, plus pyridoxine 10-25 mg daily; 3 months rifampicin plus isoniazid plus pyridoxine in normal daily doses for weight; 4-6 months rifampicin alone in normal daily doses for weight. Long-term use of isoniazid is not recommended. There is no evidence to support use of lower doses as these are inadequate for treatment of LTBI and lead to lower peak levels and possible development of drug resistance. Vigilance should always be maintained for signs of toxic side effects or the possible development of active TB in these patients.
Making a diagnosis of active tuberculosis Extrapulmonary TB is common in renal patients, occurring in 30% to 50% of cases of TB, and classic symptoms are not always present. Peritoneal disease has been reported to occur in 57% of patients on dialysis. 11 The possibility of TB should always be considered in any patient with a chronic cough, unexplained weight loss or night sweats, a cloudy peritoneal dialysate, lymphadenopathy or chronic site-specific symptoms. Appearances on a chest radiograph should be compared with previous films and, if new abnormalities are present, advice should be sought from a respiratory physician. Every effort should be made to obtain a specimen for culture and sensitivity. Histo logical appearances of granulomata, with or without caseation or necrosis, are helpful, but a portion of all bio psy specimens should be sent in a plain pot (without formalin) to the microbiology laboratory for culture. Patients producing sputum should be asked for 3 consecutive early morning specimens for direct smear, culture, and sensitivity. New chest radiograph abnormalities should prompt additional investigations if sputum is not available, such as induced sputum or flexible bronchoscopy. Mediastinal lymph nodes can be assessed by endobronchial ultrasound-guided transbronchial needle aspiration or mediastinoscopy, depending on local availability. optimal management of tuberculosis in renal disease Patients found or suspected of having active pulmonary TB should be isolated, preferably in negative pressure facilities. Positive pressure rooms should never be used for these patients, particularly on renal units, as the infection could be disseminated to other vulnerable patients.
The pharmaco logical properties of the antituberculous drugs have been extensively reviewed, but clear guidance on dosing, dosage schedule, assays are, however, more likely in this population, and there is scant evidence on negative predictive values. It is therefore important to interpret them in the light of previous history of TB, foreign travel, ethnic and environmental background, and radiographic changes.
Screening of all patients with CKD, or even just those on hemo-or peritoneal dialysis, would be time consuming and expensive and unlikely to be cost-effective. It is recommended that screening in this group should be by good clinical practice of detailing any history of prior TB and its treatment, TB contact, a clinical examination, and a chest radiograph in any patient at high risk (those of Asian or African ethnic origin and anyone born in an area of high background risk). An IGRA test, with or without a TST, can be used if there is concern, but routine assessment of these patients using these screening tests is not recommended. Any patient with an abnormal chest radiograph consistent with previous TB, but who has been adequately treated, should be monitored regularly, and renal physicians may wish to seek advice from the local respiratory or infectious diseases physician who is the lead for TB. Neither the TST nor IGRA tests are suitable for such patients with a positive history as none of them is able to distinguish between distant and recent infection.
The risk of developing active TB following renal transplantation is particularly high, and screening may be beneficial in this group. This can be achieved while the patient is on the waiting list for transplantation so that chemoprophylaxis may be given before transplantation, reducing the problematic drug inter actions with posttransplant immunosuppression. The guidelines give tables for individual risk assessments. In general, these show that all black and Asian patients and those born overseas should be screened and considered for prophylaxis, either before or after transplant. In many renal units, the current practice is to give blanket chemoprophylaxis to all at-risk transplant recipients without assessment. Inevitably, this means that some patients will receive chemoprophylaxis without evidence of LTBI. Whether or not this has any advantages over screening and targeted treatment is, however, unknown.
How should we give chemoprophylaxis? Chemoprophylaxis for TB itself carries a risk, particularly of hepatitis, and the rates of drug-induced hepatitis from various regimens are given in the guidelines. These rates are, however, taken from studies in populations with intact renal function, and it is possible that they may be different in the renally impaired. In patients at low risk of LTBI and where there is no evidence from a positive TST or IGRA test, the risk of hepatitis from chemoprophylaxis often outweighs that of development of active TB, thus mitigating against routine chemoprophylaxis for all transplant recipients. Generally, it is recommended that the decision on in those with severely compromised renal function. Serum levels of ethambutol and the aminoglycosides should be monitored, or moxifloxacin may be used as an alternative to ethambutol, but this is only suitable for a daily dosing regimen. Isoniazid, rifampicin, pyrazinamide, ethambutol/moxifloxacin should be the first line of treatment used. Pyridoxine supplementation should be given with isoniazid to prevent the development of peripheral neuropathy. A fourth drug is needed because of the rising incidence of isoniazid resistance and the disproportionate number of ethnic minority cases with CKD.
Hemodialysis Dose inter vals should be increased to 3 times per week to coincide with dialysis sessions and reduce the risk of drug accumulation and toxicity. There are arguments for both giving the drugs 4 to 6 hours before dialysis or immediately after dialysis. The advantage of giving the drugs 4 to 6 hours before dialysis is that the possibility of ethambutol or pyrazinamide toxicity is reduced. However, the drug may be prematurely removed, leading to suboptimal levels, and it also raises practical issues for morning shift patients. The advantages of giving the medication immediately after dialysis include avoiding premature drug removal, offering the opportunity for directly observed therapy, together with it being practically easier, especially for morning shift patients. There is, however, the possible risk of raised drug levels of ethambutol and pyrazinamide between dialysis sessions, and therapeutic drug monitoring is useful if this is a concern. The choice of strategy may be influenced by a need to ensure adherence, practical issues, and expected pharmacokinetics or drug inter actions.
Peritoneal dialysis Mechanisms for drug removal during peritoneal dialysis differ from those in hemo dialysis, so it cannot be assumed that the same recommendations apply to both modes of dialysis. Patients may require careful monitoring, although one study has shown that no dose adjustment was necessary for isoniazid, rifampicin, or pyrazinamide.
13 Rifampicin, however, because of its high molecular weight and lipid solubility, is less dialyzable through the peritoneal membrane, with only minimal amounts recovered in the dialysate, implying that oral administration of rifampicin may not be adequate for the treatment of peritoneal TB.
13 There is very little published work on this topic and multicenter studies are needed to give us a greater understanding of the best dosing schedules to use in these patients.
The introduction of continuous renal replacement therapy in critically ill patients has raised questions on how to manage TB in these patients. As yet there are no studies on which to base any guidance.
Renal transplantation
The main difficulty encountered when treating TB after renal transplantation therapeutic drug monitoring, timing of administration in relation to dialysis, and concomitant use of immunosuppressive drugs was lacking. In these guidelines, we have put forward suggestions for dosing and dosing schedules in patients with CKD, on dialysis and following renal transplantation, based on the evidence available and incorporating some of the recommendations made by the American Thoracic Society. 7 All cases of active TB should be managed by either a chest or infectious diseases physician who is the local lead for TB. The management of TB should follow national guidelines, with 4 drugs for the first 2 months followed by 2 drugs for a further 4 months for most cases of fully sensitive disease. TB of the central nervous system is an exception to this general rule and treatment should be for 1 year. Symptoms and signs consistent with TB should stimulate initiation of treatment (once appropriate diagnostic samples have been taken) without waiting for culture results. If signs and symptoms are consistent with TB and/or there is a response to treatment, the drug regimen should be continued, even if culture results are negative.
Is drug toxicity a particular problem? Adverse effects of antituberculous treatment have been found to be more common in patients with renal disease than in those with normal renal function.
12 Rifampicin does not cause increased problems in patients with impaired renal function as it is meta bolized by the liver and only about 10% is found unchanged in the urine. Isoniazid is also meta bolized by the liver into less active compounds and most clearance occurs from hepatic meta bolism. The half life is, however, increased by about 45% in slow acetylators and neuropsychiatric disturbance has been reported. Pyrazinamide is also meta bolized by the liver but elimination of its meta bolites may be delayed in patients with stages 4 and 5 CKD and in those on hemodialysis, leading to uric acid retention and gout. Around 80% of ethambutol is excreted unchanged by the kidneys so accumulation of this drug is inevitable in patients with impaired renal function. The same is true of the aminoglycosides.
Chronic kidney disease The reported increases in adverse effects of these drugs have led to manipulation of drug doses, which has not always been appropriate. It is clear that increasing the interval between doses of pyrazinamide, ethambutol, and the aminoglycosides in patients with stages 4 and 5 CKD or those on dialysis is definitely preferable to reducing the dose. These drugs exhibit concentration-dependent activity and lower doses may reduce drug efficacy. Evidence shows that the efficacy of both ethambutol and pyrazinamide improves when the drugs are administered in higher doses less often than in lower doses daily. 1 Rifampicin may be given in normal daily doses and isoniazid may be given in normal daily doses or as 15 mg/kg (max. 900 mg) 3 times per week
